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What would we like to know by imaging the brains of dogs?
Commentary on Cook et al. on Dog Jealousy

Ralph Adolphs
California Institute of Technology
Abstract: Using fMRI to study emotions in animals is important, fascinating, and fraught with
methodological and conceptual problems. Cook et al. are doing it, and there is no question that
they and others will be doing it better and better as time goes on. Where will this lead us? What
could fMRI in principle tell us about the minds of nonhuman animals?
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Neuroimaging of dogs is difficult. Cook et al. (2018) continue their intriguing line of work using
fMRI in dogs. The findings are fascinating and important, and the attention to the well-being of
the animal participants is impressive. The studies also have a number of strong caveats that
currently limit clear conclusions (as the authors themselves are well aware). For one, there are
strong technical limitations, mostly with respect to statistical power. For instance, the
correlations shown in Figure 2A cannot be considered statistically meaningful (Schönbrodt and
Perugini, 2013). But there is also a concern about interpretation of the findings, even if one takes
them at face value (as I do here for the sake of the argument).
Foremost is the problem of “reverse inference”: inferring a cognitive process from brain
activations alone (Poldrack, 2011). There are two ways to counter this problem. One is to have a
very large number of prior imaging results that provide high specificity to the activations
observed. This is not the case here, although the activations do correspond to those observed in
some human studies of jealousy — but they also correspond to activations seen in many more
studies that in no way involve jealousy. As Cook et al. note, “amygdala activation should not be
equated with specific emotions; it should be more broadly interpreted....”
A second counter is more relevant here: it is not only the brain activations that are used
for the inference. The dogs are put into situations that are functionally reasonable to evoke
jealousy, and in fact behaviors consistent with jealousy have been observed when dogs were put
into similar situations outside the scanner. Putting all these together, one can make a qualified
interpretation that the dogs in the scanner were in a functional state of dog-jealousy or
something close to it, while still leaving open plenty of debate about exactly how to define that.
Most studies of animal behaviors that have close homologs in human behavior have focused on
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trying to make this interpretation airtight and eliminating less specific or confounding
explanations. But that is not the most interesting aspect of the present study.
Peeking into the mind of a dog. Suppose instead that it is the year 2040 and OpenfMRI for dogs
has repositories of thousands of fMRI studies on dogs, typical fMRI studies in dogs and other
animals have vast statistical power, and airtight behavioral protocols have been designed to
unambiguously attribute dog-jealousy to dogs (or at least, everybody has reached a consensual
agreement on this issue). All the above problems have been surmounted. What can we conclude?
Let’s start with a simple question: what kind of a variable is “jealousy” supposed to be?
It causes behavior, a measured variable, and so we can think of jealousy as a latent variable
inferred from, and causing, behavior and autonomic responses. The present study doesn’t
measure behavior; it measures brain activity. Does jealousy cause the observed brain activity,
just as it causes the behavior? Or is it the other way around: the brain activity causes jealousy?
Or are brain function and jealousy related in some other way? The study only shows us
correlations, but we would like to infer a relation more specific than that.
Cook et al. view their amygdala activation more or less like a biomarker: it provides useful
predictive information about the temperament of a dog. If that were all there was to it, we would
ask what added value fMRI gives us, above and beyond just knowing the behavioral history of a
dog, or perhaps its genetics. Given the cost involved and the difficulties in quantifying and
interpreting the data, fMRI seems like a terrible candidate for a biomarker. The interest in dog
fMRI — which is patently there — must lie in the possibility that it gives us a peek inside the dog’s
mind. It must tell us something that behavior could not.
I think the strong assumption is that fMRI actually shows us the causal mechanisms that
are the physical realization of the functional state of jealousy. And if you believe that conscious
experiences of jealousy supervene on the physical realization of the functionally defined state of
jealousy, then fMRI would show you the conscious experience of jealousy (or that on which it
directly depends). This would have several implications (very roughly):
1. The brain activity that we can measure with fMRI would completely determine the
conscious experience of jealousy; so we could unambiguously read-out whether or not a
dog felt jealous from the pattern of brain activations;
2. If we manipulated the brain activity, we could change the conscious experience of
jealousy. Drugs for jealousy could be tested in this way in animal models, for instance.
If valid, these points would have revolutionary consequences for the use of fMRI data. The ethical
treatment of animals would have clear data from which to reason. Animal studies of drugs to
treat depression would, contra recent calls to the contrary (LeDoux and Pine, 2016), be valid
models for treating depression in humans as well (and for treating depressed animals, for that
matter).
The future. So the prescription for a neuroscience of animal emotions might proceed in three
stages. First, we need much better neuroscience methods with better statistical reliability and
reproducibility, a necessary step that seems eminently surmountable (at least by 2040). Second,
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we need clearer, more detailed, and ecologically valid functional definitions of emotions, and
protocols to test them. The difficulty of this step will no doubt vary by emotion: for some, like
fear, we are essentially already there; for jealousy, not yet; for awe, probably never will be. As
my colleague Dean Mobbs (2018) points out in his commentary, in the case of dogs, we would
need to pay close attention not just to how dogs interact with one another, but also to how they
interact with humans: many dog emotions have a function in social communication with (or, less
kindly but perhaps more accurately, instrumental manipulation of) their owners. Third, we then
need to link the reliable neuroscience findings with the ecologically valid functional
operationalizations of the emotion and with reports or direct experiences of feeling the emotion
(from studies in humans).
It is important to note that these three ingredients of an emotion (functional definition,
brain state, and conscious experience) all cohere to some extent, but will also vary to some extent
across species. Dog jealousy does not cause the exact same behaviors as in humans; that’s why
dog ecology needs to be taken into account. Dog brains are not human brains, and some
differences in activation patterns must obtain; the multiple realizability of the functionally
defined emotion state will allow further variability. And being a jealous dog of course doesn’t feel
like being a jealous person. Yet if the functional definition and fMRI results are sufficiently similar
to what we can make sense of in humans, fMRI will turn out to be an indispensable additional
measure to enrich our understanding of the conscious experiences of animals.
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Overview. Since Descartes, philosophers know there is no way to know for sure what — or whether — others feel (not
even if they tell you). Science, however, is not about certainty but about probability and evidence. The 7.5 billion individual
members of the human species can tell us what they are feeling. But there are 9 million other species on the planet (20
quintillion individuals), from elephants to jellyfish, with which humans share biological and cognitive ancestry, but not one
other species can speak: Which of them can feel — and what do they feel? Their human spokespersons — the comparative
psychologists, ethologists, evolutionists, and cognitive neurobiologists who are the world’s leading experts in “mindreading" other species – will provide a sweeping panorama of what it feels like to be an elephant, ape, whale, cow, pig,
dog, chicken, bat, fish, lizard, lobster, snail: This growing body of facts about nonhuman sentience has profound
implications not only for our understanding of human cognition, but for our treatment of other sentient species.
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